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AMERICAN WElDING SOCIETY
Tllirty!"".:f'i.rstAnnual Meeting
Papal" on
ilConn~otions for Welded, Rigid Portal Frames··
(Wednesday~ October 259 1950)
Gentl01llEln.
, The research on Connections for Welded Rigid Frs.m.es whioh I f3ball, rewrt s
.' , , '.'be.t~.c~~( a.w- at W~-,t... U:,\Nii\~'-
''lio you is a part of a project on Welded Continuous Framesf\ 1'ha objectives of the .
. .' w~
project :in gener~l are the study· of theoarrying oapacities of/,continuQUs frames.
But before the £;rames themselves ar!3 stUdied it was though~adrtsa'b1e tos'lmdy
; \\
tho component parts of frames" namely bea.ms~ co~umns and connections. What I
,, . .. ..'. ,,;;;-- (,1re.~ .. 0 . . '
shall report to ~"'OU"~-ol~theresu.lts-olL..~eflAoonneetion tests.
is . . .. ~.h'MJlitta9..~-f~
, The project'~f\.sponsored by, the~ Research Council, it eBureau .
. . .. . \,~I~LJ
of Yards and Docks, Bureau of Ships, Office of Naval Researc , Aand the American
Institute of Steel ConstrUction. The project was under the guidance and super':
(
vision of the Lehigh Project Subcommittee. '1he autho;rs of·,this paper GXtend I.LT6~Q~\l ,r
~,"~- '1<Q.tha:1r Elppl'eoiation to the members of ,this committee. 'The SB13 rolled s~ction W
used :in'lihe teEl'ts 1-1tlS donated by Lehlgh Structural Stee),.Co.¢f Allentolom,
Penneylvan:ia. , - -h-r\N{~ wJ.ehS \II ~..M~L ,
Figure 1 Sho~lssome typical rigid fr~ In thesestrooturas the
various. members are oonnected \ilith rigid connection, thus oompelling the columns
\
and beams to work together 111 resisting the exte~ loads•. In th¢ single span
Lt.oii\.w.A-I'oiA. (s otYMJ ~_\~C:'v'..rl..Q". j \
frame (po:rtal frame) the'Ae&iW'rR~ beam S'G1Or~ ~o~tlter~l:lth alamo. ' .
.. Mnl'biwspatI f'ram61S~~h-enfl-an~~;CCOlUlElgt!t1g-Qi!:s~o1~•
."... ,-,-
, -. ~
I. ~
/
•
knees, 'i4hat do \-16 exaotly lme.n by rigid Imea? Too dasignE?}I' irla1wJ.yz+tngrig~
i'r_Oconsi.dars the' angle' formed by thecenter;J.1nes of' oolumn anti ~om rema:iniDg
constant a.s the structure d(;)f'leQts" aut the knee ie, not a mathematical point.
It 'is' Ei.: part o~th'e struoture ~ itstat'ts \·There the rolled E!ectionsend. ' 'The knae.
in' ·tra.ri.s!'ezor'ing stresses from one member to the other is subject to dei'ormat,-on
t I 1'1\ 1. \Ii' , .
(rotations) • It is the arriount of rotations in the knee which deoide 't'lhetheror
not the kneels rlg~.
, '. \vr1~ .
Therefore, it is of :i.lnp6rtanoe that 1-1a ~"e.ifiSw .:l.:BehQrt the requirements for
kne~E!,. (Fig. 9 and lO). In Figure 10, ourve A gives the. moment-.;.ro'to.tion ourve
'~6\y~ of the rolled seotions jomped, by the knee. The early part is the
\ . / elastio part 111 vlhioh rotations are proportional to mom~ntsB then we haw the
W~i)~ .
~~. elaE!to....plastio, and finally the totally, plastic parts '$.n. vlhioh thesect:ion is
.~. oomp~etely plastio! The ll1OIl!Snt at this stage gives~be "plastio hinge value.Dr~v
of the seotion. X.
This cUrve is oo~ to the momen·t"!"1'o·tationeurva olC three knoos (B
,I Cj)
and D}g ~ B, fo;r:- the same moment ShO't1f3 larger rotations than the rolled Se>C...
tion and the IDa:h':imum moment is smaller than the plastio hinge w4ue of the'beam.
lile shall sall I'tllE)s B 'unsatisfactory. OIl the other hand" knee C is 6€l:tisfaotory. Knee P,
. a1thaug!tdgid enoUgh, dosa not .~. t~ ~~~~A~:~~~~~
itltIUl also be c~e1d.ered unaatisfac'oory. II, I . . '" /'
The._0 ~, C and D are obta1ne4 by diVlrling th$ Mal rotatiM o£ the~~~
the ff~qu!J.valent J..engtb"of eaoh Imee. Suoh lengths are eho'tiIn in Figure 9. ~~
So, ~ order to be oonsidered as satisfaotorY Imaee must be (a) t:t"g~.. that is•
.have' rotat1ens less than those of too rolled sec.tion; (0) §tronl!o that is, must'develpp
the plastic hinge value of the rolled' seetion~ '.As engmeC?rsl~' "'.cr are also
in-tereeted in oost. The oonneotion should :hava the proper strength and rigidity
tdth the least a.mou.."lt of ma.ter:ia1 andlaboI!. Consequent1:s', e. third requirement is
eC;ionomy~ A fourth requ:i.:rement, which is 01~ special 1mportanee ill plastio design, is J1'~
the ab1l.ity Gf· the knoeto ¢a!:WY the lllaJdmum_t tlWoug!t 1.al'~ ~tatioIl$'<l~
The knees which were test$d are ahow !In th$se w,> slide. (F:l.gs. 17 lllld 18). ~ ....6P1
'l!hoSe labelled A to N have an SB13 rolled. section fQ:t' both leg~i1 Connection P oon-
sists of' 8l-~" 31 as colUIDJ1., and 14W 30 as 'beam. ~. '. ' J
toad 1mea were atudiOO to "btlilil an 1doa on how th$ ,,_toone alloUl4 be tElate9.\~
Figure 19, gives ,some of' the i"ramr;if) and load linell studied. In (a) ~ (b) tvith gravity
loads the Imeesare subjeot to "campresslon. tt In (~) the single lateral force gives
the load lIDe shO':m. tIara the left knee is under "tension"~. but such "'henslonft
'loadingsoecur very eJeldom under theoombined eff$ct of' gravity and lateral loadings.
In (q) the left knee is under tension. No'te, h01ilever, the extraord:tm:t"Y' dimensions
of' this i'reune,. :It was decided, therefore, to load. the spac5.msns in :OOnlpr6SSion. a.NJ..1n ~'
ecK"J..sp~~ns~: ; w~re*'.t:~~ either :in a .300,000 lb., hydra.~ic !!lachine or' in's.~
SOO~OOO lb. screw type machine. Figure 21 shot-IS the test set-up in, the 300,000 lb. . c....:J
machine. The -load was applied ~ugh a loading fixt~.-" 'll1:i:a fi:A:~O i1e;Q used ill
.. +~.t')(H.rn~ P (lc1"'it'J .... '. .... . ."_m GgrmO~~~~. ., . .,...•~-demct±ont:rv1ae
~-
,;
. ~,,' .'
~ " .~ ~~~ vy.u,~ ~~f.tvJ~~~ i't\.,1tt b krvk~1Il 6:~ ~Vv~/~~~:~~~"d<-:~-c~_41i1j.W<~ .
,//supPOried~.~shofmi~--·J..avel-bars-"rer~ "'usecl-tomeasure -th!3 .:total-:t"otatiOlL.;i.n. '15he(~~»sii~ gageS ";'r~llIOilntedat:;;ti¢al. points.~ Tlla con.. •
.' ·'''ri;otlons. lJElre lateraUY~PPOXi,S).sLaELJi*hown. --::-. 17 \;)~ < ~~.Nt ~ QJ.,'tA.... 1bdiu-
Fig+.~est set-up in t~ 800,000 lb. machine. ¥t this figure
I' ,'". ' •
note the le:~eral support and the SR--4 gagEls to mea.sure lateral forces •. The leVEll
b~s and the defleotion gage support can also ~ se0n~ A mirror gage. 'Ha8UEled 'bo
measure the. inorease in moment arm of the extf.lrnal load as the legs deflected:.
. ,FigUr..e·;'l$Shoi'IS the. test set-up £01' Cortnection r~ Th~ loads \-lere a.PPlied ·\\\)~SO
..' . '. ..' ~ ~-4 u.,w'1l",4'L/ \(J '¥
'lt1ith a hydraulio jack and~ '"lith a dynamometer~ Both 1ate:ral and Long~
tudinal suppo;rts "rere prov!Q.f.ld. (Sh~~;ti., /Q~~~ 14M teu~)
. ~ . .' '.. . ."' .' ...~. ~~' X-J
.I have prev:i.buslymentioned the requirements for rigid cenneotiollS,,, ~t tl~ I. fJ
' ' . b:~ w,w""'-"'-y
hot·I.SOe 1tlhether.or not the various connections' meat these req~ireme.,nt~·lgure
"S gives the total ro'tation in the knee and compares it to the. rotations of the
~1ilO,; ~jlleCJ; seotions joined by the fi;nee. Obviously this oonneQ·ti6n·,Cloes not meet
, 00'.. . . ..' . ..~. .. It!/Y)"
tbe .~1gid knee requirem~ts. At all fJta~sl\its rigidity. is ' SF181l:e,r ·than 'that of
:. .
SlF.33..the '.leaker' ot 'the t\..roseetlori. ~recrV'ert it did not deV'<;)lop the plastiC)
......:... " . .
h~€;ie value' 'M.P. ::: 1190 kips; it is not ·st~ong enough" FigUre 41 ShOt-lel the distor-
. ~ . ,",'" .
tiona intba cQl1nactlonat ~ "td~~"'ta~~=,,~~~ or. ..
. strength and rigidity not bf.len mat? Tho simplest answ~~ . ~ be~ yif.lld """ Jw.
-\, ~~~ h<u G-WlNvJ ., . . .. . . ' ./
took plooQ~m the '..reb of the knee ~£ore bendmgy1ald obour;:~o~~thelm~ft3J
ThiEl knee is Ul'liJat1s£actory even for el$.stio des~gn4lbeeaus@ bG,falio a stress lEJ
. .... .:. ~." '. . . ~ ~ ~~' , .. . '? ?}
of 20 1~1 iiJil' ;rQachad' at 'the critical seotiona;;,.a yielding t~tes place in th? kn.:e ~' r\l1··
and as yOU see the eu%'Vf.lf:! stiatt dev:ta.t:i.ng fr()1j1 ..~straight· ~~. ~rtt~~ I.e
'~.' .. ~.,~. . .. "t~.\1~trultJ.\V\.;- ~ . \ . ,
The behavior of the, COnnections A to N Qaa lie",'b bo eted~ Figura 51.
In this f'igt:Cr;e the moment, at the knee (cent.er of knee) is plo$d age.ilfst the rota-
tionin the knee divided by. the equivalent length. When the v-ar:i0Ufl Imeecurv8s
a.~¢ompa~ to aa~.3;; r911ed' secti<:in usEld~one Qan see ~at ali .of. thoconn~otion-,
dl'~~ll'l4 .,In. thel<neli!t""tt the l!4$Uli~ ""l~ .ol;' the ~lled ee¢tton. . 4e~~
for ~igidiiy, aU of t~ conn,eot1on;:l were~aPt the Type 2 and sa ",hich in ~,j:~' --- I
.. . , axe '~Al\h
the elastic part ,and early, EdaE)t~plast1c part shen.red h;1.ghar rotations. These ' ,
,"' .. ', ' .. '. .", '. '.... ' .'.:r~
extra rotations may, increase the deflections in the frame about :5 to ;l.O percentJc),.d._1W
. ' ~., " w!i.»J ~
fio't.levarj) soma of the conneotions fall r€)lative;Ly suddenly, Maoon as they
reach their maximum load., They fall to carry the maximum moment through larg9 1'"0- 1.
" ,,' [1 dJ,NJ
tations. ~ch connections'are.~B, C~, G and. Ii, and they m.au be regarded a-JrJl.. lNiti:
, ~: .it lj .
, J, .lk 1~~..as ttnsa.tisfae,tory. ' '~~.tl~f\) '. ,These c-urves give the mt?~t at. the knee'. 1l't on thG other hand~ ths,'momant .~itlt'h'l ~.1Ij..
at tlie emf ot. the 1'011edS<.'16t10n or ;the',beginning of the knee; is plotted against ,h~',ii.f"'~
:rotations, He obtain the curves shawn ~ F,igure 52. It is obv1oue that Connection
. - . ...
;B bas no't developed th~ M.P. value of thG,'SBi.3see~ionat the beginni..flg oithe lmee.
'l'haother thzieEH:~onnections l>av!3 deVeloped thepls.Stie h~j) althOUgh ,their be...
havtor is d:U'ferent ll 2S you "see.
The place l'1here the plastic hinge (or eqUivalent moment) should deve;t,.op
depends on the .elgA-requirement~laiddmmby the designer. 1f the design~
'Wan.~e ih,,& vilJ:ue. to. be" d~WlOped. at .the knee,~..,:~onn..· "otio.os4to .11 Jkt1ef_~'_ ..(,{A,
. P\)wll" . ..' ' . . of. ~1l-
tory)' On the' other hand; if the da~igner, ~ or~er toachil$ve ,f.t~ econonw, .
l.'la.ntS 'the plastio' hinge value to be developed at the, end of the rqlled Sections
some of the cormeot1onaareunsatisfactorY, _ ~ /- -:- ' ,
§~: . '. '. :.' " ' ' , .. r.~&J, .Tabl ' VII summarizes the 'hest reS'U1ts i 'lhe end col~shmls that if the.J ~"w;.t {)
, , ,. (lJ 'I
6eoOndoriter1onofStrength~ used,Cotmeotions, H, 'C'j' :l:" J, N and P are de-, a. '
, ,
cldedly unsatisfactory under different momentd~ (ionger legs) •
.. '. .. 1m li>tereeting eubjoot to d1fJQUSe~~e mo<le of ta1lU1'e ot the
various connec:t1ons. Figure 71 sho1rTS ,the local buckling in tho compression, flanges "-
(0 ~~vJ.J .(l~ lx ~J ~*' (l1l1 -1& ~lkwt- in '/(Q d.r WM.<;d :
: Q~-rv' vr~ UJvU ~~~ ~~ I
--'---"-~-
of the Connection Pit Hot'1ever; this· connection failed because of:
.~.Extensiva shear yi,eld
b. .Local buckling at'ter 'extensive y~1dings
._-~ , .
c. cra.~k--------,-_.,._ .
. " . . . . ,----------..~
The er,ack· tIh:1ch developed isshmm in Figura 72.
1'~~~e.Of ilmI-,-the~onneotion& At<> N fo.iled.
You see the extensive yield that took place in the knee and outs:!de the knee.
. ,
~r
AX~'5~
r~V~
~ \ ..jY!t,\
\. ~'l.\~y #~\!~,
Y~e1d1ng occurred both in the tension. and c0111pJ:'asaion zones. The connection faU~ ~
~"N&.Q.I.~ ~ ~~ -' i
.J:1c:>t:Il::Utm~ local yielding of the compressio~l, enges ~rhich you sae :1n tpis pio;l{ure,
" . J~~ } (fjjiMNJJ/J ~~J &J.;.tf)j ~~)
At first the local buckllng is s~triod. tel' on, as the deformations increasej) llVJ
. ~d:-
on!9 stdeor the flange defleots more than ,the other" thus ~1nging about the bUckl~ .
. ,,', . ,_ ~.7
of the. \;ab and the failure of' the connectiollso . ) .
Figure S7 131'101'113 Connection B at the end of the test. Note the yield pattern
and the local buckling in form of waVes in the compression flanges ·of the built-up
Lateral forces "rere rneaeured with SR-4 gages mounted on the> lateral supports
(bars) ill These forces 1:1ere found to be a ~Sm.all fraction of· the total force on
the connection. Figure 7S shol.JS 'the local buckling curve and the lateral force.
Note that l.ocal buckling occurs more or less simultaneously with lateral buckling.
. .
Th1s is the, case not only in this connE;Jetion but in aU other connections 1..'1 uhich
the local buckling and lateral deflections \-Tere measured.
F:tgur{;)~9'''S th~ permanent dif3tortion in Oonneotion a because ~f lateral
buckling. F"Q:t.S another ~la of ~rma.nent distorM.on due to lateral·
. . . , ' \. -,. " " ,.'
buckling. Not the\%'S used for laterai support and the SR-J. gages. on them. Also
note the level bar sUPRO:rtS. .
,I' \ D~C
\\'\ 1t " n..~, 'yh40.\\W,. b \~ V\AJ+-~ (j v - ,
L - --_. ----_•.....
/-7- , ,
. t&~~t:~~~
.. f"",JJ:,~ ~,JA ~
'\U. d1(l\Fr'r't "{IIjt ~-d- 16-) ~~
~j},...(. u,~ it'" fp..w~~~ 'VXI/~~ \}J~ VJO
1., .Use a diagonal st1ffone1:',as ':tn '.type :2 or aBo ~: '\
2~ The thiokness of diagonal stiffeners should beII' ,1
I
I
I
o£ ,the tftto rolled sections. /
b. About .~he same thickness as the t~est of the . /'
flanges' for kneesElimilar to Connection L&M, Type BB,,! ..
j
B,. Braoketed or Haunohed Knees '/
;
, ' .. , . i '
1. ,The slopeo!' themunoh must ~ sueh that when the U1~ima.te is
reached the moments in various seotions of the. hauncWare equal
or sma.ller than the My, the linitial moment y1~ld for'the sections ..
2. '1'he ~,'s for., Ol"d1n.ar:I.'.' slo~s at the haunch maYbe, .oalcUlated 1rlith
~e o~ thaory. " '. / .
3. Us~ .stif'fen~rs.Eft ,. points ,of, internal thrust. '//
4. In bra.cketed lmees the depth of, the braoketsliou.1d be equal to the
depth of' -the Section to ,t-rhicb it ,is connec:t6d. '
5. Use stiffeners to distribute dtreot forc.e6 such as external loads
01' in'ternalthrusts and 'to support t·h~web agait)s't buokli:n~h '
6, Thes'tiffeners muerli be in genera.l, of>the same thiclmess as the wobo
Z. 'The lel'lgtb L of thes'titf@1er, ftlhicbshould 1::)e enough to trensfer
thathrust to the '-Jab, may beobta:1ned from the relation
~
A~ Square'Rhees
